Objective-To examine the health and lifestyle of a group of patients who had repair of coarctation of the aorta 20-44 years ago (these were the first such operations in the United Kingdom) and to see how the results would influence current management strategies.
examination.
Results-29 (69%) had cardiovascular disorder. Doppler echocardiography did not show previously unrecognised major recoarctation. 19 (46%) had hypertension at follow up and there was evidence of enlargement of the aortic root or arch in seven (16%) patients, who tended to have had surgery at a later age. No evidence of cerebrovascular accident was found.
Conclusions-In this group of patients with surgically repaired simple coarctation, late morbidity (particularly aortic aneurysm, aortic valve disease, and ischaemic heart disease) was common.
The incidence of intracranial haemorrhage seemed to have been reduced by surgical repair. The integrity of the surgery remained good. Many patients did not have any regular cardiovascular review. Long-term anxiety related to early surgical experiences was evident. Even after apparently successful surgical repair of aortic coarctation. It would be prudent for all patients to have long-term review.
(Br Heart J 1993;69: [65] [66] [67] [68] [69] [70] Coarctation of the aorta without an associated lesion is a deceptively simple condition. It seems at first sight to be a condition limited to a distinct part of the aorta where it is amenable to surgical correction. Several studies, however, showed that though patients benefit from operation their life expectancy is considerably reduced and they are at increased risk of various linked and potentially disabling conditions. '13 The first coarctation repair was performed by Crafoord in 1945. 4 Shortly afterwards Sir Clement Price-Thomas and Mr Charles Drew performed the first operation of this type in the United Kingdom, at the Westminster Hospital. Many patients who had coarctation surgery 20, 30 and 40+ years ago are now appearing in adult clinics. The purpose of this study was to evaluate at long-term follow up the current health and lifestyle of a group of patients who had had coarctation repair up to 44 years ago and determine whether or not their current condition could identify risk factors for late problems that might influence or support current management strategies.
In the early days surgical repair was restricted to adult patients but with increasing experience and confidence surgery was extended to children. With wider practice of the operation a consensus arose that all patients with coarctation should be offered surgical relief in early childhood.5 Reluctance to operate at a very early age was initially based on technical difficulties and the tendency for the narrowing to recur after surgery on very small vessels. Later, especially after the introduction of the subclavian flap technique, surgical confidence grew and repairs were undertaken on ever younger patients so that repair now takes place soon after diagnosis, irrespective of age, but taking into account the risk of recoarctation which is commoner after early surgery.67 
Subjective opinions
Most people did not feel that their heart surgery had had a deleterious effect on their lives. Eight, however, felt that their condition or operation had had a negative effect on their education, and two considered their heart surgery had contributed to a reluctance to have children. Only two were unemployed and three thought they may not have been considered for a job because of their medical history. Several had been refused entry to the armed forces. They had a wide range of occupations-from merchant banker and solicitor to refuse collector and unskilled manual worker. Eleven had been asked to pay increased life insurance premiums. Four expressed continued and unsubstantiated anxiety relating to their coarctation surgery. A further five had concerns related directly to their operation. Of these, three patients were very anxious about the appearance of their scar even up to 42 years after surgery; one queried a link between early surgery and depression in later life and one who had surgery aged 14 years and had had to return to the operating theatre because of bleeding within a few hours said she had only finally come to terms with her experience 23 years later. Eighteen (29%) were smokers.
Health
All but eight considered themselves to be in good health. Forty three patients (69%) were symptom free (NYHA class I), 16 (26%) had mild symptoms (NYHA class II), two (3%) had significant exercise dyspnoea (NYHA class III), and one (2%) was severely disabled (NYHA IV).
Four were taking regular antihypertensive medication (two with digoxin and diuretics), two took regular glyceryl trinitrate, and two were taking anticoagulants.
There were no new cerebrovascular accidents although one patient had had a stroke related to mitral valve surgery after anticoagulants had been inadvertently stopped and another had had a transient ischaemic attack related to severe aortic stenosis.
Regular review
Only 34 (55%) attended a hospital for regular review of their cardiovascular system. These were mostly patients who had represented with a new problem rather than for follow up of their coarctation.
Further cardiovascular surgery Four (6%) had required further surgery for recoarctation. Three of these had had their primary repair in the first two months oflife and the other at the age of two. Four had required aortic valve replacement, three coronary artery bypass grafts, and one a mitral valvotomy. Two Electrocardiograms were normal in only 12 (25%): there was evidence of ischaemia in nine, left ventricular hypertrophy in three); minor conduction defects (incomplete right bundle branch block in 12, complete right bundle branch block in four, and sinus bradycardia in one.
Chest x rays were normal in 16 (n = 33). In eight there was cardiomegaly with a cardiothroacic ratio greater than 0 5 (range 0 39-0 96). Widening or tortuosity of the descending aorta or arch was seen in four and other abnormalities found included prominence of the left subclavian artery in two, calcification of the aorta in one, pulmonary calcification in one, and hilar lymphadenopathy in one.
Echocardiography and Doppler studies showed bicuspid aortic valves in 11 (26%). One bicuspid valve was severely stenosed (Doppler derived gradient 70 mm Hg). Whereas the others were mildly or not at all stenosed (Doppler derived gradients: range 3-14 mm Hg and mean 9-5 mm Hg). Two patients (both awaiting aortic valve replacement) had severe aortic regurgitation and two were considered to have mild aortic regurgitation. A further four had prosthetic aortic valves.
Three had dysplastic mitral valves including one with recurrence of severe mitral stenosis. There was one small ventricular septal defect and one left-sided superior vena cava draining to the coronary sinus.
The mean diameter of the aortic root was 2 9 cm (range 2 2-4 9 cm, normal 2 0-3 7 cm).
One had had acute aortic root dilatation in the immediate postpartum period associated with the development of sudden aortic incompetence and was awaiting aortic valve replacement. Another had a prosthetic aortic valve in situ. The other was symptom free with no aortic incompetence. One patient had significant septal hypertrophy consistent with early hypertrophic cardiomyopathy. Four (9-5%) had had surgery for recoarctation. This is a similar recurrence rate to other studies.3 In these cases operation was performed at a mean of 11 years after primary repair and the eldest patient was 16 years old at the time of repeat operation. As in other studies67 those who were young at the time of primary repair were more likely to have recoarctation. The lack of any late major recoarctation suggested that narrowing was a result of the patient's growth rather than of scarring and fibrosis alone and shows that the end to end anastamosis can have satisfactory long-term results.
This long-term follow up showed that beyond the growing years the risk of recoartation was small. The influence of exercise on gradients that were small at rest was not assessed, however.
AORTIC VALVE ABNORMALITIES
The association between coarctation and bicuspid aortic valves becomes increasingly important with age.'3 Fifteen patients (36%) had abnormal aortic valves: eight were bicuspid with little or no aortic stenosis shown on Doppler echocardiograms, three with considerable haemodynamic disturbance (two were severely incompetent and the patients were awaiting replacement and one was severely stenotic), and four had already been replaced. Thus one in six patients with coarctation of the aorta developed significant aortic valve disease on long-term follow up though an abnormal aortic valve ("trivial aortic incompetence") was noted in only one patient at the time of coarctation surgery. Post mortem studies'4 suggested that at least 1% of the population have bicuspid aortic valves. Such valves are unlikely to cause problems, especially in early life. Calcification of the aortic valve becomes more common'5 from the fourth decade and a high percentage of patients who are given aortic valve replacement are found to have bicuspid valves that are stenotic, regurgitant, or damaged by endocarditis. This high rate of important aortic valve disease supports the need for regular and long-term review of apparently well patients.
HYPERTENSION
Late hypertension can develop.236 In our series 46% ofpatients were hypertensive at follow up. Paired t tests showed a significant fall in blood pressure when preoperative and postoperative values were compared but no significant difference between postoperative and follow up results. Cohen et al6 reported that age at initial repair was the most important predictor of hypertension. In our series, however, there was no statistically significant difference in blood The late development of aortic aneurysm has been reported in other series as a cause of mortality' 36and we suggest that the aortic wall may be irreversibly damaged in the preoperative period when the aorta proximal to the coarctation is subject to high distending forces. This would be more likely in patients who are operated on late and in whom systolic blood pressure is high. In our group the mean age of those with echocardiographic or x ray evidence of an abnormally widened aorta was not significantly different from the group as a whole but there was a trend for these patients to have had surgery late (table 4) .
Five of the six patients from the same cohort who subsequently died' from rupture of aortic aneurysms were operated on when they were more than 10 years old (mean years) (table 5). The current practice of early operation may reduce the likelihood of the long-term development of aortic aneurysms. This will only be evident with time. In no case was the dilatation directly associated with the site of coarctation repair. This could imply that the late formation of aortic aneurysms is not as a direct consequence of the type of repair undertaken but rather part of the more generalised disease process. Aortoplasty with Dacron or other artificial patch was reported to be associated with aneurysm formation at the site of repair,'6 however, there were no such operations in this group. Late examination with magnetic resonance imaging would be a more accurate way of detecting aneurysm formation. '7 CEREBRAL HAEMORRHAGE Late cerebral haemorrhages were common in a study of the course of unoperated coarctation.'8 '9 None of the patients we studied had had strokes or subarachnoid haemorrhage after operation' (two had subarachnoid haemorrhage preoperatively). Nor did any of the patients who died (table 5). The reasons for this are not apparent but this result could imply that coarctation repair in some way protects against the surges of excessively high blood pressure that cause bleeding from associated arterial wall defects in the circle of Willis.
ISCHAEMIC HEART DISEASE
There was evidence of ischaemic heart disease in 10 patients (23%): three had had disease that was severe enough to require coronary artery bypass graft surgery. Table 6 shows the details of these patients and their follow up blood pressure and age at repair of coarctation and age of coronary artery surgery. As with others in this group primary repair was performed at a late age (mean 19-8 years) but only four were hypertensive at the time of examination. This accords with the high incidence of coronary artery disease reported in other series.220 At long-term follow up only 13 (31 %) were free of evidence of cardiovascular morbidity. When patients are assigned to their major abnormality group 14 had hypertension, four ischaemic heart disease, seven aortic valve disease, two arotic root dilatation, and two had other cardiac structural abnormalities (fig 2) . This is a considerable burden of cardiac disease in a group with a mean age of 41 years.
CONCLUSION
Coarctation of the aorta is an apparently simple defect that can be surgically repaired. Though a successful surgical technique was established nearly 50 years ago, the risk of long-term morbidity remains high with excess mortality. Though the management of coarctation has changed over the years, especially in relation to the optimal age for surgical repair, and this makes direct comparisons difficult, it is evident that long-term follow up of all cases deserves more attention than it receives. The development of aortic aneurysms continues to cause concern as does the incidence of ischaemic heart disease, aortic valve disease, and hypertension, all of which affect a relatively young adult population. Our study indicates that clinical and Doppler echocardiographic examination may need to be supplemented by electrocardiography and perhaps magnetic resonance imaging of the aortic arch. Continued long-term review of all cases is indicated.
